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Background and Objective  Serotonin levels are increased in acute appendicitis. We 
investigated the possible source of this increase. The aim of this study was to compare 
the distribution and density of epithelial and nonepithelial enterochromaffin (EC) cells 
as well as numbers of degranulated and nondegranulated mast cells in different layers 
of normal appendices and acute appendicitis.
Methods  Sections  from  15  cases  of  acute  appendicitis  and  10  cases  where  the 
appendix  was  morphologically  normal  were  stained  with  Hematoxylin  &  Eosin, 
Toluidine  blue,  and  immunohistochemically  for  chromogranin  and CD-117.  EC  cells 
stained by chromogranin were counted per crypt and extraepithelial EC cells counted 
and expressed as cells per unit area  (mm2). Mast cells stained by Toluidine blue and 
CD-117 were counted in lamina propria, submucosa, and muscle layers. The difference 
between Toluidine blue and CD117 stained mast cells was taken to be an estimate of 
degranulated cells. The cell counts were expressed per unit area (mm2) as well as per 
cross-sectional area of the appendix.
Results  There  was  no  statistically  significant  difference  in  epithelial  and  extraep-
ithelial  EC  cells  between  acute  appendicitis  and  normal  appendix.  Estimated  mast 
cell degranulation as indicated by mast cell counts per cross-sectional area is greatly 
increased in acute appendicitis when compared with normal.
Conclusion  Degranulated mast cells rather than EC cells may be the main source of 
raised serotonin in acute appendicitis.
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Introduction
The prominent theories regarding the etiopathogenesis of 
acute appendicitis are as varied as mechanical obstruction to 
allergy and free radical injury to ischemia. Enterochromaffin 
(EC) cells are found in mucosal layer of entire intestinal sys-
tem but are most prominent in distal appendix and comprise 
the major cell type in intestinal endocrine system. Serotonin 
is the main secretory product of EC cells.1 Serotonin levels 
have been demonstrated to be high in the serum of patients 
with acute appendicitis and EC cells (both epithelial and 
nonepithelial) are its suggested source.2 This study compares 
patterns obtained by immunohistochemistry between nor-
mal appendices and acute appendicitis to find out the source 

of the raised serotonin in acute appendicitis. Allergic etiology 
has been proposed as a cause for acute appendicitis because 
of high degree of eosinophil infiltration in the tissue and evi-
dence of eosinophil degranulation.3,4 This study was designed 
to probe whether degranulated mast cells rather than EC 
cells, could be a putative source of raised serotonin in acute 
appendicitis, supporting its allergic origin.

Materials and Methods
Subjects
Sections from 25 specimens of appendix were studied. Cases 
were 15 specimens of histologically proven acute appendici-
tis and controls were 10 specimens of histologically normal 
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appendix with absence of exudates, mucosal ulceration, or 
mucosal neutrophils. Acute appendicitis was defined by the 
presence of neutrophils in the muscle layer.

Procedure
All specimens were fixed in 10% formalin. Three cross sec-
tions were taken from each specimen representing the base, 
middle, and the tip of the appendix. They were routinely pro-
cessed, paraffin embedded, and stained with Hematoxylin 
and Eosin (H&E), Toluidine blue, and immunohistochemi-
cally for Chromogranin and CD-117 (heat-induced epitope 
retrieval [HIER]). Mean counts of various cells between acute 
appendicitis and normal appendix were performed.

Toluidine Blue Staining
Formalin fixed paraffin-embedded tissue sections of 
4 μm were deparaffinized and hydrated. Sections were then 
treated with Toluidine blue working solution (prepared from 
Toluidine blue stock solution) for 1 minute, rinsed in distilled 
water and dehydrated quickly through 95% and absolute 
alcohols, cleared in xylene and mounted. Mast cell granules 
were stained violet.

Toluidine blue stock solution: Toluidine blue O–1.0 g and 
70% alcohol–100.0 mL.

Working solution: Toluidine blue, stock–5.0 mL and 1% 
sodium chloride–45.0 mL.

Immunohistochemistry
Formalin fixed paraffin-embedded tissue sections of 3 to 
4 μm were taken on poly-l-lysine-coated slides. The slides 
were fixed overnight in an incubator at 60°C, dewaxed and 
hydrated in running tap water followed by distilled water for 
5 minutes. Epitope retrieval was done with Tris ethylene-di-
amine-tetraacetic acid borate buffer by heat method (HIER) in 
pressure cooker for 10 minutes followed by cooling to room 
temperature and washing with distilled water. Slides were then 
treated with endogenous peroxidase block for 20 minutes. 
Further, slides were kept in tris buffered saline wash buffer 
for 5 minutes. The sections were then blotted after treatment 
with power block for 10 minutes. Primary mouse antihuman 
antibodies against chromogranin (BioGenex; Clone LK2H10) 
and CD117 (BioGenex; Clone T595) were applied for an hour, 
and then washed with wash buffer, three times for 5 minutes. 
Superenhancer was added for 25 minutes. Secondary anti-
body was applied for 25 minutes and then washed with wash 
buffer, three times for 2 minutes. Diaminobenzidine chro-
mogen was applied for 5 minutes, washed with wash buffer 
for 5 minutes, and rinsed in distilled water for 5 minutes to 
stop chromogen reaction. Sections were counterstained with 
Harris hematoxylin for 2 minutes, then blued for 5 minutes,  
dehydrated, cleared, and mounted with dibutylphthalate  
polystyrene xylene (DPX).

Counting
EC cells stained by chromogranin were counted per crypt 
(epithelial EC cells) and extraepithelial EC cells counted 
and expressed as cells per unit area (mm2). Eosinophils 

were counted in the muscle layer (H&E), mast cells stained 
by Toluidine blue and CD-117 counted in lamina propria, 
submucosa, and muscle layers. The difference between 
Toluidine blue and CD117 stained mast cells was taken to 
be an estimate of degranulated cells. The mast cell counts 
were expressed per unit area (mm2) as well as per whole area 
of the lamina propria, submucosa, and muscle layer of the 
appendix. All cell counts were obtained using the high-power  
objective.

The diameter of the appendix was measured with an eye-
piece micrometer and the center point determined. From this 
center, radius of the circles representing the inner mucosal 
lining (ra), edge of the lamina propria (rb), outer end of the 
submucosa (rc), and the outer edge of the muscularis propria 
(rd) were measured. From these, the approximate areas rep-
resented by the lamina propria, submucosa, and the muscle 
layer can be calculated. For example, the muscle area would 
be (πrd2)-(πrc2).

The cell counting in each layer was started from a point 
marked on the section, continued in a circular fashion along 
the particular layer, and stopped when the cells in each layer 
were counted up to the same point. The cell counts of eosin-
ophils, mast cells, and extraepithelial EC cells were expressed 
as the number of cells per cross-sectional area by multiplying 
the no. of cells per mm2 by the cross-sectional area of each 
layer. Number of cells per mm2 was obtained using the field 
area of the high power objective (Labomed CXL binocular 
microscope; field area: 0.195 mm2).

Number of epithelial EC cells per crypt in each case was 
obtained by counting the total number of EC cells in all 
crypts (x) and the number of crypts (y).

Number of EC cells per crypt = Total number of EC cells in 
all crypts (x)/Number of crypts (y).

Results
Cases of acute appendicitis were characterized by neutrophil 
infiltration of the muscle layer. All cases contained signifi-
cant number of eosinophils within the muscle. These cells 
were often seen along with edema and muscle fiber separa-
tion (►Fig. 1A).

Epithelial and extraepithelial EC cells stained for chro-
mogranin are shown in ►Fig. 1B–D.

Nondegranulated mast cells characterized by metachro-
masia with Toluidine blue in lamina propria as well as sub-
mucosa and muscle layer are shown in ►Figs. 2A and B. The 
total mast cells as represented by staining for CD-117 are 
seen in ►Figs. 2C and D. CD-117 also stains the interstitial 
cells of Cajal within the muscle layer. These are thin, long, 
and fiber like and can be easily distinguished from the mast 
cells (►Fig. 2D).

The counts of various cells per unit area in normal appen-
dix and cases of acute appendicitis are shown in ►Table 1. 
►Table 2 shows the comparison of total cross-sectional areas 
between acute appendicitis and normal appendix. The cell 
counts per cross-sectional area of lamina propria, submu-
cosa, and muscle layer in normal appendix and acute appen-
dicitis can be seen in ►Table 3.
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Discussion
Higher serotonin levels in the blood and increased excre-
tion of 5-Hydroxy indoleacetic acid (5-HIAA) in the urine 
of patients with acute appendicitis seem to be well docu-
mented.5-8 Most of these papers assume that the increase of 
serotonin or its metabolites is due to the degranulation of EC 
cells found in the appendix.

There is only one study that links the source of raised 
blood serotonin to EC cells and subepithelial neuroendo-
crine cells (SNC) within the lamina propria.9 The data from 

our study do not support these findings. We used chromogr-
anin immunostaining to delineate the neuroendocrine cells 
in the appendix. The number of EC cells per crypt as well as 
the SNC counts did not show any statistically significant dif-
ference between acute appendicitis and normal appendices 
(►Table 1).

The disparity between the two studies could be due to the 
differences in the way sections are taken from the appendix. 
We took sections of acute appendicitis in which the epithe-
lium was intact and the lamina propria showed negligible 
inflammation for the chromogranin staining. Sections from 

Fig. 1 (A) Neutrophils and eosinophils infiltrating muscle in a case of acute appendicitis. Note the edema separating muscle fibers in areas of 
eosinophil  infiltration. H&E × 400. H&E, Hematoxylin and Eosin.(B) Enterochromaffin cells  in the crypts of appendix. Immunohistochemistry 
for  Chromogranin  ×  400.  (C)  Enterochromaffin  cells  in  crypts  and  outside  the  crypts  in  the  lamina  propria.  Immunohistochemistry  for 
Chromogranin × 400. (D) Extraepithelial enterochromaffin cells in the lamina propria. Immunohistochemistry for chromogranin × 400.

Fig. 2 (A) Mast  cells  in  the  lamina  propria.  Toluidine  blue  ×  400.  (B) Mast  cells  in  the  submucosa  and muscle  layer.  Toluidine  blue  ×  400.  
(C) Mast cells  in the lamina propria.  Immunohistochemistry for CD-117 × 400. (D) Mast cells  in the muscle  layer (white arrows). This can be 
differentiated from the thin linear interstitial cells of Cajal (black arrows. Immunohistochemistry for CD-117 × 400).
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Table 1  Cell and fiber counts per unit area in acute appendicitis and normal appendix

Type of cell/fiber Mean (95% CI) p-Values

Acute appendicitis Normal appendix

Enterochromaffin cells (EC)

EC cells/crypt 0.37 (0.25–0.50) 0.50 (0.27–0.73) 0.27

Extraepithelial EC cells/mm2 3.14 (0.98–5.30) 3.30 (0.45–6.15) 0.92

Eosinophils

Eosinophils in muscle layer/mm2 72.9 (33.8–112.0) 2.1 (0.4–4.7) 0.005

Mast cells

Toluidine blue stained mast cells in lamina propria/mm2 15.6 (9.1–22.2) 28.9 (12.8–45.1) 0.07

CD117 stained mast cells in lamina propria/mm2 220.8 (173.5–268.1) 214.6 (169.8–59.4) 0.85

Toluidine blue stained mast cells in submucosa/mm2 46.6 (33.6–59.6) 59.2 (33.3–85.2) 0.30

CD117 stained mast cells in submucosa/mm2 140.6 (93.6–187.5) 141.1 (88.8–193.4) 0.99

Toluidine blue stained mast cells in muscle layer/mm2 90.7 (56.2–125.2) 85.4 (952.3–118.4) 0.82

CD117 stained mast cells in muscle layer/mm2 233.3 (132.1–334.5) 278.7 (87.1–470.3) 0.62

Estimate of degranulated mast cells in submucosa/mm2 103.9 (61.2–146.5) 73.7 (11.8–135.6) 0.36

Estimate of degranulated mast cells in muscle layer/mm2 139.7 (40.9–238.5) 193.4 (2.5–389.3) 0.56

Abbreviation: CI, confidence interval.
Note: Values in bold are statistically significant.

Table 2  Comparison of cross-sectional areas in acute appendicitis and normal appendix

Layer Mean (95% CI) p-Values

Acute appendicitis Normal appendix

Lamina propria 11.5 (8.3–14.6) 11.15 (7.3–15.1) 0.893

Submucosa 13.6 (9.1–18.1) 4.7 (2.5–6.8) 0.003

Muscle layer 18.2 (13.2–23.1) 7.1 (4.0–10.2) 0.001

Abbreviation: CI, confidence interval.

Table 3  Cell and fiber counts per whole cross-sectional area of lamina propria, submucosa, and muscle layers in acute appendicitis 
and normal appendix

Type of cell/fiber Mean (95% CI) p-Values

Acute appendicitis Normal appendix

Enterochromaffin cells (EC)

Extraepithelial EC cells 36.03 (14.60  57.46) 33.76 (8.72  58.80) 0.88

Eosinophils

Eosinophils in muscle layer 1,450.7 (464.2–2,437.2) 13.6 (3.9  31.0) 0.02

Mast cells

Toluidine blue stained mast cells in lamina propria 182.2 (90.3 274.1) 315.1 (99.4  530.7) 0.17

CD117 stained mast cells in lamina propria 2,518.8 (1,539.5  3,498.0) 2,478.6 (1,299.5  3,657.7) 0.95

Toluidine blue stained mast cells in submucosa 636.0 (343.7  928.3) 315.3 (84.2  546.5) 0.09

CD117 stained mast cells in submucosa 1,687.4 (1,010.7  2,364.2) 664.1 (354.3  974.0) 0.02

Toluidine blue stained mast cells in muscle layer 1,480.1 (955.7  2,004.6) 650.8 (312.9  988.7) 0.02

CD117 stained mast cells in muscle layer 3,621.2 (2,628.0  4,614.4) 1,743.9 (533.0  2,954.9) 0.01

Estimate of degranulated mast cells in submucosa 1,136.4 (641.6 1,631.2) 285.3 (28.0  598.6) 0.01

Estimate of degranulated mast cells in muscle 
layer

2,090.4 (1,106.9  3,073.8) 1,093.1 (75.3  2,261.5) 0.16

Abbreviation: CI, confidence interval.
Note: Values in bold are statistically significant.
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the tip (rich in EC cells) were avoided in both the groups. 
Details regarding the sections are not provided in the study 
by Vasei et al.9 It is possible that in sections with significant 
inflammation of lamina propria degranulation or loss of neu-
roendocrine cells may be a secondary phenomenon. Similarly, 
if there are proportionately more sections from the tip area 
among the control groups, EC cell counts may be overesti-
mated in the controls compared with the cases. Significantly, 
unlike Vasei et al, we found no case of acute appendicitis in 
which EC cells were absent in the crypts or outside.

If EC cells were not the main source of increased serotonin 
in acute appendicitis, what could be the alternative? It is now 
known that human mast cells are capable of serotonin synthesis 
and release.10 The proposition that mast cells could be a source 
of increased serotonin in acute appendicitis becomes attrac-
tive in the light of the allergic theory proposed for the disease.3 
Indeed, the increase of eosinophils in acute appendicitis which 
led to the theory has been confirmed by others and once again 
in this study.11,12 Serotonin itself can be chemotactic to eosino-
phils.13 However, studies comparing mast cell numbers in acute 
appendicitis and normal appendices have yielded conflicting 
results. Naik et al found mast cell numbers to be decreased in 
acute appendicitis when compared with normal while Singh 
et al and Mysorekar et al found it to be increased in acute appen-
dicitis.11,12,14 Mast cells were demonstrated by Toluidine blue in 
these studies.11,12 Aravindan found no significant difference in 
mast cells demonstrated by Giemsa stain in the muscle layer, 
between appendicitis and normal.3 Coşkun et al found increased 
mast cell numbers in acute appendicitis by immunohistochemi-
cal staining for mast cell tryptase.15

Toluidine blue, Giemsa, or mast cell tryptase stains the 
mast cell granules. The intact mast cells are well stained by 
these methods. However, the degranulated ones are either 
poorly stained or not stained at all. Moreover, metachromatic 
staining by Toluidine blue or Giemsa may be poor or absent 
in many mucosal mast cells. It is thus understandable that 
counts obtained by these methods do not reflect the total 
mast cell numbers and the extent of degranulation.

In this study, we employed a different strategy to estimate 
the extent of mast cell degranulation. CD-117 (c-kit recep-
tor) is strongly expressed on the mast cell membrane and is 
not affected by the state of degranulation. We reasoned that 
by subtracting mast cell counts obtained by Toluidine blue 
staining from that obtained by CD-117 staining, we would 
be able to arrive at a reasonable estimate of the extent of 
mast cell degranulation. Though this would work well with 
connective tissue type mast cells in the submucosa and the 
muscle layer, it may not be satisfactory for mucosal mast cells 
for reasons mentioned above. An additional problem is that 
CD-117 also stains the interstitial cells of Cajal in the muscle 
layer. But these have a distinct appearance and can easily be 
distinguished from the mast cells (►Fig. 2D).

►Table 1 shows the mast cell counts obtained by the two 
methods and the estimate of degranulation in the submucosa 
and muscle in acute appendicitis and the normal appendix. 
Toluidine blue stained mast cells are lower in the mucosa 
in acute appendicitis when compared with the normal 

appendix, but this falls short of significance. There are no sig-
nificant differences in the CD-117 and Toluidine blue counts 
and estimates of degranulation in the submucosa and muscle 
layer. But the counts expressed per unit area as in ►Table 1 
do not reflect the real state of affairs. In acute appendici-
tis, the organ is swollen and enlarged due to inflammatory 
edema. Consequently, the counts expressed per unit area 
may be underestimations in case of acute appendicitis.

The comparison of cross-sectional areas between acute 
appendicitis and the normal appendix is shown in ►Table 2. 
It can be seen that the cross-sectional area of submucosa and 
muscle layer together are roughly equal to that of lamina 
propria in normal appendices. On the other hand, submucosa 
and muscle layer together account for nearly double the area 
of lamina propria in acute appendicitis. This is due to the 
large amount of edema fluid accumulating in the submucosa 
and muscle. The area of lamina propria is not significantly 
different in normal appendix and appendicitis.

►Table  3 shows the comparison of mast cell counts 
between acute appendicitis and normal appendix per total 
cross-sectional area of lamina propria, submucosa, and the 
muscle layer. It is seen that degranulated mast cells are much 
more in the submucosa and muscle layer (significant in the 
first case) and that this is mainly the result of an increase in 
CD-117 stained mast cells in these layers.

Also seen from ►Table 3 is the fact that extraepithelial EC 
cells are not significantly different in the cross-sectional areas 
of acute appendicitis and normal appendix. The possibility 
that the source of raised serotonin in acute appendicitis could 
be degranulated mast cells, possibly along with platelets thus 
becomes very strong. The mast cell degranulation can also 
account for the inflammatory edema and accumulation of 
edema even before appearance of neutrophils on the scene.

To conclude, degranulated mast cells rather than EC cells 
may be the source of raised serotonin in acute appendici-
tis. This is in conformance with the allergic theory of acute 
appendicitis.
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